Two major cities (Enugu and Abakaliki) in Southeastern Nigeria were investigated in order to ascertain rainwater harvesting practices and prospects for supplementing available supply. The methods employed include: distribution of questionnaires for the determination of water consumption and supply specifics, and rainwater harvesting practices; and use of optimisation to maximise water storage for dry season supply. The per capita water consumption for Enugu was 23.7 lpcd, 34.45 lpcd, and 67.05 lpcd for low income, middle income and high income groups respectively; while that for Abakaliki was 15.56 lpcd, 28.08 lpcd, and 50 lpcd respectively for the three income groups. In Enugu, 47%, 61.8% and 37.9% of the low income, middle income and high income groups respectively practice RWH. While in Abakaliki, the corresponding proportions are 67.2%, 48.8% and 46.9%. Rainwater can meet 100% of the water consumption of low income group of both cities for bungalows and up to five-storey buildings housing 72 residents.
Introduction
Access to adequate and affordable potable water remains one of the biggest challenges of urban dwellers in developing countries. About half of the people who live in developing countries do not have access to safe drinking water and 73% have no sanitation, some of their wastes eventually contaminate drinking water supply leading to a high level of suffering (Tobin et al., 2013) . According to Orebiyi et al. (2010) and Lekwot et al. (2012) , about 50% of Nigerians do not have access to safe and improved drinking water supply. Even though Nigeria is endowed with enormous surface and groundwater resources, the masses are largely without access to safe and adequate water supply (Nwankwoala, 2011) . Industrialisation and urbanisation usually leave an indelible foot print on water resources. The pressing need for domestic and industrial effluent discharge has resulted in uncontrolled disposal of toxic wastes into erstwhile pristine traditional drinking water sources. Runoff heavily laden with faecal matter and dissolved agrochemicals from farmlands and municipalities quickly find their way into surface water bodies and poorly constructed shallow wells. Besides the effect of effluent discharge on water quality, heavy construction activities have given rise to thousands of tons of sediments which are usually transported to and deposited in surface water channels, thereby grossly reducing discharge. Reduced discharge has dual disadvantages of both reducing the quantity of water available and reducing quality by impairing the self-cleansing capacities of affected water bodies. This situation has left at least 1,200 million people in need of good water supply with Sub-Saharan Africa topping the list (UNEP, 2003) . Because of the indispensability of water in everyday life as well as absence of an alternative, people resort to questionable sources to meet their water need. Consumption of unwholesome water is responsible for the death of millions of people. Three to four million people die each year of waterborne diseases world-wide, including more than 2 million children who die from diarrhoea (Cosgrove and Rijsberman, 2000) . Besides, when water is inadequate in either quantity or quality, it can be a limiting factor in poverty alleviation and economic recovery, resulting in poor health and low productivity, food insecurity and constrained economic development (Gbadegesin and Olorunfemi, 2003) . Fortunately, some urban dwellers are now resorting to rainwater harvesting, a once abandoned tradition, to augment their water supply. Rahman et al. (2014) observed that the quality of rainwater meets Environmental Protection Agency standards unless it comes in contact with a surface or collection system.
Rainwater harvesting is a widely used term covering all those techniques whereby rain is intercepted and used close to where it first reaches the earth (Otti and Ezenwaji, 2013) . It plays an important role in developing sustainable urban future (Abdulla and Al-Shareef, 2009 ). It can be used for multiple purposes such as irrigation, laundry/ washing of cars, cooking, bathing, flushing of toilet, etc as well as for drinking if properly harvested and treated. Usually, rainwater requires only minimal treatment to make it potable. Devi et al. (2012) found that rainwater harvested from rooftops was safe for drinking when subjected to only chlorination. Olaruntunde and Oguntunde (2009) also found that rainwater harvesting provides a good alternative and replacement in times of drought or when the water table drops and wells go dry. Rainwater harvesting is as old as humanity. Before there were pipe-borne water, boreholes and shallow wells, rainwater was the sole source of water supply in places where surface water was not available. Rainwater harvesting technology has been in use in India for about 6,500 years (Rathore, 2011) . It can also be traced back 2000 years ago in Thailand and other parts of Southeast Asia, where simple gutters were used to fill jars and pots (Prempridi and Chatuthasry, 1982) . Provision for RWH is part of the architecture of traditional buildings in Sub-Saharan African countries like Ghana, Burkina Faso, Senegal and Guinea Bissau (Pachpute, 2010; Pachpute et al., 2009 ). In Nigeria, rainwater was usually harvested from thatched roofs and stored in clay pots and underground tanks. However, the practice of rainwater harvesting started disappearing with the introduction of pipe-borne water. Urban residents often believe, incorrectly, that rainwater harvesting is a practice only for the less fortunate. RWH will gain wide acceptance if RWH systems are made an integral part of building architecture and design instead of being retrofitted (Thomas, 1998) .
The rooftop rainwater harvesting needs to be effectively managed by the users to ensure that water is available in the dry season when water has its highest value (Thomas and Martison, 2007) . Even in Namibia, the driest country in Sub-Saharan Africa with the shortest rainy season, it has been proved that RWH could significantly offset municipal water usage (Heyns, 2005; Rygaard et al., 2011) . RWH has also been extensively utilised to meet full domestic water demand in the coastal areas and other small towns of South Africa (Jacobs et al., 2010) .
The objective of this research was to investigate challenges of water supply in Southeastern Nigeria and the prospects of augmenting inadequate water supply with rainwater.
Methodology

Questionnaire design, distribution and analyses
According to the 2006 census, Enugu has a population of 722,644 while Abakaliki has an estimated population of 141,438. Both cities are located within the Cross River Basin and the derived Guinea Savannah ecological zone. The average monthly rainfall ranges from 31 mm in January to 270 mm in July. The city of Enugu was founded over a hundred years ago. It gained prominence in pre-colonial era because of large deposits of coal which formed the economic backbone of the old Eastern Region. It was also the capital of the old Eastern Region before decentralisation into five states. Abakaliki is the capital of Ebonyi State. The main industries in the area, apart from rice milling industry, are quarrying and rock crushing. Lead-zinc mining occurs around Enyigba and Ameka; in the outskirts of Abakaliki metropolis. The major river that drains the area is the Ebonyi River and its tributaries-Udene and Iyiokwu Rivers.
This research was accomplished by a combination of preliminary data collection phase, the development of the questionnaire, and the survey itself. The probability sampling method of simple random sampling was used to obtain data for the analysis. Poor urban planning made distribution of questionnaires an uphill task. To ensure randomness and wide coverage in the sampling process, each city was subdivided into smaller zones. The sample size was determined using the Watson's (2001) formula. The parameters used are: a precision (error margin) of 5%, a Z score of 1.96 corresponding to a confidence interval of 95% and a variability of 0.3 (for 30%-70%). Table 1 is a summary of the sample size determination estimation and questionnaire return rate. Average number of households in each city was determined by dividing the total population by four (i.e., assuming an average of four persons per household) as adopted by Nnaji et al. (2013) . The estimated target sample size was 322 households for Enugu and 320 households for Abakaliki. However, knowing that a 100% return rate was far from reality, the sample size was up scaled for a return rate of 60% to obtain a sample size of 537 for Enugu and 533 for Abakaliki. Besides, some returned questionnaires would be unintelligible. Altogether, a total of 800 questionnaires were designated for each city. For standardisation of result, the drafted questionnaire was integrated into an already existing questionnaire used for previous studies (Nnaji et al., 2013) .The questionnaires were targeted at knowledgeable adults who could correctly supply household information. Questionnaires were distributed mainly at homes and were left for a day or two to allow adequate time for filling the questionnaire. For the illiterate and semi-literate group, the respondents were guided through the filling process, using the native dialect of Igbo and pidgin to translate the questions where necessary. In some other cases, the questionnaires were filled in accordance with responses from the respondents. In addition to the information from the household surveys, the questionnaires were designed to obtain information about household water usage, sources of water, rainwater harvesting and challenges associated with it, status of connection to public water utility and functionality, and other related questions. The data from the questionnaires were entered into an MS Access database. After the entry, the complete database was exported to MS Excel for further statistical analysis. Because some other questionnaires were filled only partially, the data was filtered so that only data that was complete and relevant to the study question was used for the analysis. The questionnaire data were sorted into three income levels based on information supplied by respondents. For the purpose of this study, and considering prevailing economic realities in Nigeria, three income levels were designated as follows: low income group N =150,000, < middle income group N =150,000 N =300,000, < − and high income group N =300,000. > 
Rainwater harvesting potential analysis
Using annual rainfall for the two cities, water balance was performed for different house dwelling types in order to ascertain what proportion of current domestic water consumption can be met by rainfall. Details of water balance are given in Tables 4 and 5 .
Since optimum RWH is not possible without the installation of properly sized storage facilities, there is need to optimise the sizes of RWH tanks for various house dwelling types. An optimum RWH storage tank is the minimum size of tank that can store excess rainwater during rainfall peaks such that the water stored is just enough to satisfy water consumption during lean periods. It should however be noted that an optimal tank size is only possible when the rate on inflow from rainfall always or occasionally exceeds water demand, otherwise there would be no need for extended storage. For the purpose of optimising RWH storage capacity such that harvested water can last through the year where there is 100% rainwater harvesting potential (RWHP), the objective function was formulated as follows.
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I t = inflow per month, D t = demand per month, C = RWH storage capacity, S t = water available for storage after satisfying monthly consumption, SP t = spill per month. In order to provide for between-year continuity such that possible deficit in dry months can be augmented for by excess water during the peak of rainfall, the first term of the first constraint is written as 
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This is a linear programming case in tabular form and it was implemented with a template formulated in Microsoft Excel and solved using Excel Solver. The above optimisation was done for each of the three income groups using six categories of dwellings viz. bungalow, duplex, four flats, six flats, eight flats and ten flats, for the two cities. This resulted in the solving of 36 optimisation cases. The formulated template also computes the reliability of supply using inflow, demand and optimised RWH storage capacity. The values of demand used in the computation correspond to the estimated current water consumption.
Results and discussion
Status of water supply
At the present, water supply in the two cities is still at a self-help level. Most people rely on non-conventional means for water supply. In Enugu metropolis, only about 31.3% of the population is connected to the State Water Board. The case is a bit better in Abakaliki where about half of the residents (47.8%) are connected to the State Water Board. This can be attributed to the interventions of USAID, UNICEF and Jimmy Carter Foundation in the water sector of Abakaliki. It must be noted here that connection to the Water Board does not guarantee constant water supply. In fact, in some cases, water may not be supplied for days. Our research revealed that on the average, water is supplied thrice per week at an average duration of 2.58hours per supply window. Expectedly, most people living in areas dominated by the low income group are not connected to the public water mains; and even those who are connected are not served regularly. Figure 1 shows that 34.4% and 20.9% of respondents from the low income group in Enugu and Abakaliki respectively do not get water from the water board despite being connected to the public water mains. On the other hand 50% and 51.8% of respondents from the high income group in Enugu and Abakaliki respectively regularly receive water from the State Water Board. Factors we identified to be responsible for the poor performance of state water boards are 1 poor maintenance of water schemes 2 lack of capacity expansion provision for population explosion The failure of the government at different levels to ensure adequate water supply to citizen has driven the people to source their water by different means. 
Source of water
The major problem of urban water supply by self-help is that quality is usually compromised. Nnaji et al. (2013) observed that the risk of water contamination during supply (transmission, storage and distribution) is minimised where direct human contact is eliminated. This implies that pipe borne water is the surest means of maintaining the integrity of water from source to consumers. Table 2 shows that major sources of water in both cities are tankers (water vendors), boreholes, rainwater, shallow wells, and streams. These diverse sources of water supply represent significant health risk. Besides, quality assurance and control cannot be guaranteed. Tankers get water from either private boreholes or the State Water Board. However, during times of water scarcity when demand far outweighs supply, they have usually obtained water from sources of questionable water quality such as streams and rivers. Table 2 shows that 46%, 41% and 35% of the low income, middle income and high income groups respectively in Enugu rely on water vendors for water supply in the dry season. This shows that water vendors are the major drivers of the public water supply in Enugu. In fact, almost every home has been served by water tankers at one point or the other. The case is not exactly the same in Abakaliki where more than 50% of the population relies on private and public boreholes for water supply in the dry season. This can be attributed to the massive interventions of the aforementioned international organisation in the water supply in Abakaliki. Boreholes were provided in different parts of the state. In Abakaliki, 79% of people within the high income group depend on borehole. This is reasonable since borehole drilling is a capital intensive project beyond the reach of the poor. Hence, most people in the high income group drill their own boreholes for water supply. Table 2 further shows that the low income group in Abakaliki depends more on rainwater during the rainy season than the middle and high income groups. The case is somewhat different for Enugu where 45% and 53% of the low income and high income groups respectively depend on rainwater for water supply in the rainy season. Rainwater harvesting is still at a primitive stage as most people still adopt traditional RWH methods. This is usually done by constructing short gutters at the edges of the roof. The gutters are open at both ends and slope gently such that intercepted water runs off from one end. Usually, drums and buckets are carefully placed on the ground to intercept water from the gutter. However, recently, the configuration has been altered to increase interception. A conveyance pipe with a funnel-like inlet is used to collect water from the gutters and sent to either surface or underground tanks for storage. The funnel-like inlet ensures that most of the water from the gutters is collected.
Moreover, because traditional RWH [ Figure 2 (a)] involves little or no cost, the rich usually consider it degrading to 'fetch' water for free. However, house owners have started incorporating improved RWH systems in their newly erected buildings as shown in Figure 2(b) . Instead of segmented corrugated iron gutters, semi-circular PVC gutters are provided for the entire stretch of the slanting roof edge. The water from the gutter is then neatly conveyed to storage tanks via a PVC pipe. This improved RWH system appeals more to the middle income groups because they can afford to own a house but would also love to minimise cost. Most wealthy people install RWH system in their buildings solely for runoff control rather than water supply. In such cases, the water collected by the gutter is neatly channelled to the drainage system. Table 2 further shows that some people rely on rainwater only as a supplementary source of water supply in the rainy season. This is because in the absence of improved RWH system and adequate storage, harvested rainwater lasts only a few days. Rainwater is a seasonal source which requires installation of storage tanks. There is also a significant dependence by the poor on hand dug wells in Enugu metropolis and stream in Abakaliki metropolis. The reason for this is obvious. Both hand dug wells and streams are recharged by rain. These sources tend to dry up or thin down in the dry season but yield adequate water in the rainy season. Both streams and hand dug wells show noticeable sign of pollution such as odour, colour, high suspended solids and taste. Hence, they are used for non-potable purposes such as laundry, washing of cars, gardening, bathing, poultry, fishery and flushing of toilet. Recently, there has been a growing preference for packaged water as a source of drinking water; notwithstanding the fact several studies have shown that some of them do not meet national and international regulatory standards (Onweluzo and Akuagbazie, 2010; Oyedeji et al., 2010; Oyelude and Ahenkorah, 2012) . In a bid to maximise profit, these packaged water producers cut a lot of corners. Reasons for poor quality of packaged water include: incompetent personnel, poor water source of raw water, lack of quality control and quality assurance, faulty water treatment units, manual packaging, unhygienic environment, etc. Table 2 shows that in Enugu metropolis 78% of the low income group, 68% of the middle income group and 78% of the high income group depend on packaged (bottled and sachet) water for drinking. In Abakaliki the proportion is 52%, 68% and 84% respectively. For the dependence on and preference for bottled water is as follows: high income > middle income > low income. It should be noted that no distinction was made between bottled and sachet water in the survey. There is a sharp contrast between bottled and sachet water both in quality and cost. Some brands have been noticed to have odour and taste. In terms of cost, 50 cl of sachet water goes for N5 while 75 cl of bottled water goes for between N80 and N100. Most poor people actually prefer sachet water to bottled water because its affordability.
Water consumption
Estimation of water consumption in an unmetered domain is usually a herculean and highly subjective task. In the case of Southeastern Nigeria, as in many other parts of the country water consumption estimation is almost impossible by conventional methods. Currently, the Enugu State Water Board does not bill for water consumption based on water usage because of the absence of water meters. Rather, water bills are estimated based on the type/class of dwelling and purpose (domestic or industrial). One of the major tasks embarked upon in this research was to reliably estimate the rate of water consumption for Southeastern Nigeria using these two cities as a representative with a view to ascertaining how much of this consumption can be satisfied by RWH. An indirect approach was employed in doing this. Usually, in areas not connected to public water utility or with unreliable water supply from public utility, people resort to purchasing large HDPE water tanks which is usually replenished from other sources at intervals. This is where water vendors play a major role. We obtained the rate of water consumption as follows.
Storage capacity No. of refill per month Water consumption 30.4 household size
This gives the volume of water consumed per capita per day. The factor of 30.4 represents the average number of days per month. Using this approach, water consumption rates obtained for low income, middle income and high income groups are 23.8 lpcd, 21.54 lpcd and 47.24 lpcd respectively for Enugu and 10.57 lpcd, 14.80 lpcd and 28.66 lpcd respectively for Abakaliki. However, this is a grossly approximate value for a city where some residents are connected to unmetered public utility. The water consumption was therefore corrected for occasional supply from public utility by taking into cognisance the proportion of the population connected to the Water Board and the frequency of supply. In order to do this, respondents were asked to rate the frequency of water supply from public utility as never, rarely, occasionally, often and very often. Weights of 1, 2, 3, 4, and 5 were respectively assigned to these ratings. 
X i = total response for a particular rating, W i = weight corresponding to specific rating, T = total number of respondents from a specific income group, CI j = correction index, CF = correction factor, CI = minimum value of correction index of the three income groups, Cj = Proportion of residents belonging to a particular class, that is connected to public utility. The correction factors obtained were used to multiply the water consumption rates given above. The minimum correction factor obtained is 1 for the low income group of Enugu while the maximum correction factor is 1.9 for the middle income group of Abakaliki. It should be noted that the correction factor is actually higher than these values considering that, apart from water vendors (tankers) and public water utility, water also flow into homes from other supplementary sources such as rainwater, streams and shallow wells especially among the low income groups. These sources are usually unaccounted for in water consumption studies. It is usually difficult to quantify and account for these irregular supply sources in water consumption estimation. It is obvious that the rate of water consumption across all income groups is very low. According to Gleick (1996) , water requirement/demand is 50 lpcd for basic water need, 75 lpcd for pour flush and 150 lpcd for full plumbing connection. Comparing these values with the rates of water consumption in Enugu and Abakaliki, it is obvious that there is a measure of water stress among all the income groups, leading to extreme frugality in water usage. This situation results in compromised hygienic and sanitary situation where water for bathing and flushing toiled is extremely regulated. For Enugu, the per capita water consumption is 23.7 lpcd, 34.45 lpcd, and 67.05 lpcd for the low income, middle income and high income groups respectively. For Abakaliki, the per capita water consumption is 15.56 lpcd, 28.08 lpcd, and 50 lpcd for low income, middle income and high income groups respectively. It is very obvious, from these results that water consumption is strongly dependent on income level. Figure 3 shows a histogram and probability distribution function of water consumption in both cities combined. It can be seen that more than 80% of residents consume below 50 lpcd of water. This calls for more effort to boost water supply in the cities. Figure 3 also shows that water consumption can be approximated by a lognormal distribution. 
Current status of rainwater harvesting
One of the main objectives of this study is to show that RWH can substantially augment domestic water supply and thus reduce water stress. However, many people have shied away from this source of water for several reasons. From our findings, some residents, especially the wealthy, do not practise RWH because they believe they already have access to adequate water. This same reason also applies to the middle income group. However, the major concern of the low income group about RWH is quality. About 39% of those in the low income group do not practice RWH because they believe that the quality is questionable. Another notable reason for not practising RWH is the inconveniences associated with the traditional RWH methods where people place their water containers under the roof eaves when rain is falling. When these containers are filled up, they are manually conveyed to bigger storage facilities such as drums and tanks. People usually get drenched and occasionally catch a cold in the process. Other reasons for not practising RWH are time and constraints associated with living upstairs. Usually, people living on the ground floor find it easier to fetch rainwater. Only people in the low income group alluded to cost as a reason for not harvesting rainwater. Figure 4 (a) summarises reasons for not practising RWH. Figure 4 (b) also shows problems associated with the traditional RWH methods. The most common problems encountered in RWH are poor quality, cold, inadequate storage, time/stress and fear of thunderstorm. These problems can be overcome by installation of improved RWH.
Obviously, there is a measure of water stress among all the income groups. This situation usually results in over-economisation of water and compromised hygienic and sanitation situation. People often use half bucket instead of a full bucket for bathing. Besides a pour flush approach is adopted for toilet flushing since it saves more water. Table 3 shows that the practice of RWH is more prevalent among the low and middle income groups than the high income group. In Enugu, 47%, 61.8% and 37.9% of the low income, middle income and high income groups respectively practice RWH. While in Abakaliki, the corresponding proportions are 67.2%, 48.8% and 46.9% respectively. However, this practice of RWH seems to be a reluctant pre-occupation since less people would be willing to continue the practice of RWH if there was adequate water supply from other sources. As has previously been hinted, many who engage in RWH adopt the traditional approach, which is both stressful and impairs the quality of rain water. In pre-colonial times, traditional RWH was a reliable source of drinking water, but this practice was almost abandoned with the introduction of pipe borne water. In Enugu metropolis, about 19.8%, 26.5% and 21.2% of the low income, middle income and high income groups drink rainwater. This implies that just about 25% of Enugu residents drink rainwater. On the other hand, in Abakaliki metropolis, more than 50% of the population drinks rainwater. The proportion of residents who drink rainwater in Abakaliki is 76% of the low income group, 53.5% of the middle income group and 57.1% of the high income group. Unfortunately, most people do not apply any treatment to the harvested rainwater. In Enugu, for instance, only 16.7% of the high income group subjects harvested rainwater to one form of treatment or the other. This low level of caution exercised toward rainwater is surprising despite the fact that roughly 40% of Enugu resident and 35% of Abakaliki residents consider rainwater to be of poor quality. This perception is not far from reality. It is, however, pertinent to note that rainwater is one of the purest sources of water but is prone to a wide variety of pollutants. Gould and McPherson (1987) found that rainwater collected from corrugated iron roofs and stored in covered tanks in Botswana was of high quality compared to well and rivers. However, water quality from different roof catchments is a function of the type of roof material, climatic conditions, and the surrounding environment. Several researchers have found different levels of pollution in rainwater. Mayo and Mashauri (1991) found that 86% of water samples from rainwater cisterns at the University of Dar es Salaam in Tanzania were free from faecal coliform but 53% tested positive for faecal streptococci. Abbass et al. (2006) observed that more than half of rainwater samples collected from residential buildings in New Zealand exceeded minimal acceptable standards and 30% showed evidence of heavy faecal contamination. In a developing country like Nigeria, the situation is expected to be more serious. Sources of rainwater contamination include: faecal matter deposited by animals, dead animals and decaying leaves on rooftops or gutters, dissolved pollutants in air as well as impurities in conveyance and storage facilities. This therefore requires that rainwater harvesting systems should be carefully designed, installed and maintained as well as the incorporation of water treatment units into RWH systems. Currently, the most common treatment methods applied to rainwater are boiling, addition of alum and cloth filtration. Rainwater is a viable and sustainable source of domestic water supply if its quality is not impaired during harvesting. This will necessitate a shift from the traditional approach currently being practised to a properly engineered RWH. Table 3 shows that the residents of Enugu and Abakaliki would be willing to adopt improved RWH. In Enugu, 52%, 61.8% and 50% of the low income, middle income and high income groups are willing to install improved RWH while in Abakaliki, 80.6%, 76.7% and 77.6% of the corresponding income groups are willing to adopt an improved RWH system. 
Rainwater harvesting potential
Both Enugu and Abakaliki fall within the Guinea Savannah ecological zone of Nigeria with abundant rainfall and distinct rainy and dry seasons. Enugu has a total annual rainfall of 1,695 mm while Abakaliki has a total annual rainfall of 1,918 mm, with maximum rainfall occurring in July and September for both cities [ Figure 5(a) ]. During the peak of rainy season, the number of rainy days increases to about 17 days per month.
RWHP is the proportion of water consumption that can be met by the total annual rainfall in a specific location. In a previous study by Nnaji and Mama (2014) , it was shown that rainwater, can meet roughly 100% of water demand of residents in some Nigerian cities, given specific dwelling types and level of water use. Tables 4 and 5 have been produced to assess RWHP of residents of Enugu and Abakaliki belonging to the three income groups, given specific dwelling types. Tables 4 and 5 clearly demonstrate that rainwater can meet 100% of the current water consumption of low income group of both cities for bungalows and up to five storey buildings or 12 flats housing 72 residents. At this juncture, it is important to state that current levels of water consumption in the two cities are far below the recommended amount for basic water need. A combined cumulative frequency analyses for the two cities shows that 86.6% of respondents consume less than the recommended basic water need of 50 litres per day. Obviously, water consumption would be higher if the people had access to adequate water at an affordable cost. Hence, this analysis focuses on the prospects of using rainwater to supplement domestic water supply in the light of current levels of consumption. In Tables 4 and 5 , AP represents annual precipitation while CWC represents corrected water consumption. For the middle income group, 100% of current consumption can be met for up to two storey buildings of six flats housing 36 residents in Enugu and up to four storey building of ten flats housing 60 residents in Abakaliki. A summary of inflow, surplus and deficit can be seen at a glance on Tables 4 and 5. This shows that RWH holds an enormous potential for water supply in the two cities. Nevertheless, it is currently being looked upon mainly as a supplementary source of water supply which is not thought much about. Figure 6 is a plot of total annual inflow versus roof area.
One of the major challenges of the traditional RWH systems is lack of adequate storage facilities which results in unnecessary spillage of rainwater which will be needed in dry season. Total monthly rainfall is a function of number of rainy days per month. At the onset of rainy season when there are only few days of rainfall per month, there is maximum utilisation of rainwater. But as rainy days increase and rate of inflow exceeds utilisation, RWH storage facilities fill up rapidly and excess water is allowed to spill or runoff. However, as rainfall recedes and total rainfall received falls below utilisation rate, and stored water begins to deplete, harvested rainwater is again maximally utilised. In most cases, all the rainwater stored is depleted before mid-dry season. This situation therefore calls for optimal sizing of RWH storage facilities in order to maximise utilisation. In Figure 7 , the optimised storage capacity for five storey (12 flats) building appears uneconomical with regard to land area requirement. In order to overcome this challenge, a combination of underground and surface tanks can be employed. More economy can be achieved by stacking series of tanks on a metal tank stand. Figure 7 is a plot of optimised storage capacity versus roof area per capita which is typical of specific dwelling types. Naturally, reservoir capacity increases as demand increases or as frequency of supply falls. In this scenario, as number of occupants increases without a corresponding increase in roof area (which is usually the case), roof area per capita decreases resulting in a fall in rainwater supply (inflow). The curves without inflexion (Figure 7 ) are cases where 100% of water current consumption is met for all the categories of dwelling types. This is the case for the low income group of Enugu and the low and middle income groups of Abakaliki. For the curves with inflexion, the turning points (peak) indicate the point at which 100% supply is no longer possible. The right hand side of the peak represents 100% consumption met while the left hand side represents less than 100% consumption met. Figure 8 shows that, in both cities, 100% of the water consumption of all the categories of dwelling types considered for the low income group can be met by RWH given adequate supply. Besides, 100% of the water consumption for all three income groups can be met for duplexes and bungalows. In cases where 100% of consumption is met, there is usually an associated spilling of surplus when the storage facilities are filled up. Apart from storage optimisation, RWH can further be optimised by means of integrated rainwater harvesting (IRWH) approach. In this approach, a group of buildings of geographical proximity could be linked by means of subsurface pipes such that spillage from RWH storage tanks of duplexes and bungalows will flow into those of buildings with water deficit. This implies that spills from self-sufficient buildings will serve as inflow into water-deficient buildings in the optimisation scheme. Hence, IRWH will further improve water supply in urban settlements without access to adequate water and further reduce the burden of water supply on governments. In addition, IRWH will also drastically reduce overall urban runoff and subsequently the risk of flooding in urban areas, especially in developing countries with poor drainage network. 
Conclusions
Water consumption in the twin cities of Enugu and Abakaliki largely falls below demand for basic water need of 50 lpcd. Many residents get water by self-help because of the inability of state water boards to meet their water demand. This is indicative of widespread water stress and can have far reaching consequences for sanitation and health. RWH can serve as a reliable source of water supply to both urban and rural dwellers if properly harvested and stored. Unfortunately, many people who practise RWH resort to traditional and unreliable means resulting in impairment of water quality. This situation can be arrested by means of improved RWH systems. It is therefore recommended that RWH systems be made an integral component of modern building to be installed during construction.
